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SOLAR ARRAY MODULE SYSTEM WITH
PASSIVE SWITCHING

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application 1s a national stage entry of PCT/IL2016/
050957 filed Sep. 1, 2016, which claims convention priority
from Israeli patent application 241029 filed on Sep. 1, 2015,
the contents each of which are hereby incorporated by
reference in their entirety.

FIELD OF THE INVENTION

The present in, relates to a solar array module system for
generating electric-power and more particularly, to a solar
array module system facilitated to maximize the power

generation from a solar module, configured to maximize the
power generation from a plurality of solar cells, 1intercon-
nected mm a matrix configuration mm a light obstruction
situation.

BACKGROUND OF THE INVENTION

Photovoltaic cells have been widely used 1n a variety of
applications to generate convenient electricity. Typically, a
single solar cell produces an output voltage of around 0.5V,
and a plurality of solar cells, typically, with no limitations,
that are Silicon based, 1s conventionally connected 1n series
to provide higher voltage levels.

A solar array system 1includes solar array modules,
wherein each solar array module includes a multiplicity of
solar cells. The solar modules are typically tilted towards the
sun. However, when the angle of the sun 1s very low and a
front module may cast a shadow on a portion of a neigh-
boring module that 1s positioned behind the front module,
typically on the lower rows of solar cells of the solar-array
module. Light may also be blocked or obstructed due to
snow, buildings, billboards that typically cast a shadow on
one side of the solar-array module. Thereby, the light
obstruction causes a substantial reduction in the production
yield of the module.

Reference 1s now made to FIG. 1 showing a prior art
geometry of tilted solar modules of a solar-array module
100, tilted at an angle 3. In this example, solar-array module
100a and 1006 are disposed on a substantially horizontal
surface, wherein solar-array module 100a 1s positioned 1n
front of solar-array module 1005, with respect to the sun.
When the sun 1s at a pitch angle of o above the horizon,
solar-array module 1004 having a length 1, casts a shadow on
the ground surface with a displacement of d. No shadow 1s
cast over solar-array module 1005. But, when the sun 1s at
a lower pitch angle than o, such as a,, solar-array module
100a casts a shadow over the lower section of solar-array
module 1005. In this example, solar-array module 100a
casts a shadow on the region delimited between P, and P, of
solar-array module 4005, while only the solar cells disposed
between P, and P, produce electric power.

Reference 1s also made to FIG. 2A which 1s a schematic
block diagram showing a prior art solar array module 100.
Module 100 includes solar cells 102 physically arranged 1n
rows (R1, R2, R3) and columns (C1, C2). While three rows
and two columns are shown, it should be appreciated that
any size number of rows or columns may be provided and
the description below 1s not limited to a particular size. Cells
102 are typically electrically connected 1n series as a string
of cells 104. Cells 102 are all identically electrically ori-
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2

ented. The output voltage of the module 1s typically con-
verted by a converter 106. It should be noted the terms “solar

cell” and “cell”” are used herein interchangeably, meaning
solar cell.

In normal operation, current I 1s shown as flowing through
string of cells 104. In case of a failure of a single cell 102
in a string 104, the current in string 104 will be disrupted.
This 1s illustrated in FIG. 2B, where cell K 1s shown as
malfunctioning or shaded and preventing current I from
flowing. Prior art modules may also use diodes or active
switching means to bypass malfunctioning cells, but these
add cost and complexity.

Reference 1s now made to FIG. 2C, which shows a solar
module 120 with cells 102. FIG. 2C illustrates the solar
modules as described i PCT Published Application No.
W0O/2011/089607 (°607) filed on Jan. 23, 2011 and PCT
Published Application No. W(0/2013/144963 (°963) filed rut
Mar. 30, 2013, by the same mventor as the instant applica-
tion and which 1s owned 1n common, which are hereby
incorporated by reference in their entirety.

Module 120 includes solar cells 102 physically arranged
in a matrix of rows (R1, R2, R3, R4) and columns (C1, C2).
While a matrix of four rows and two columns 1s shown, it
should be appreciated that any size matrix may be provided
and the description below 1s not limited to a particular matrix
size. In module 120, individual cells 102 are electrically
connected 1n parallel by electrical connections 122 to create
a crisscross electrical matrix. Optionally, a plurality of cells
connected in series and herein referred to as a serial unit 102,
may be electrically connected in parallel to another serial
unit. The crisscross electrical matrix may therefore include
individual cells 102 or senial units 124. As above, it 1s noted
that the module 120 may include any number of rows and
columns.

In normal operation, current I may flow along a variety of
paths due to the crisscross electrical matrix. In FIG. 2C
current I 1s shown as flowing through cells M, L, K, and J
as well as M, L, K, and A. In case of a failure of a single cell
102 1n module 120, the current will not be disrupted as there
are alternative paths. Failure of other cells 102 will also
minimally disrupt functioning of the module as long as an
alternative path for current flow can be found. However, as
illustrated in FI1G. 2D, shading of an entire physical row R4,
such as caused by the situation described above with refer-
ence to FIG. 1, will lead to a loss of power in the entire
module as all current tlow I in the module will be disrupted.

There 1s therefore a need and 1t would be advantageous to
have a solar-array module able to maximize the power
generated and prevent electrical failure of the module when
an 1ndividual cell, part of a row of cells, or an entire row of
cells malfunction. Such reduced functionality may be due to
one or more malfunctioned solar cells, and/or due to obstruc-
tion of light from reaching at least a portion of one or more
rows of solar cells. It would be further preferable to provide
a module that was not dependent on an active switching or
bypass mechanism.

SUMMARY OF THE INVENTION

The present mvention overcomes the deficiencies of the
background art by providing a solar module with passive
rerouting of electric current when an individual solar cell,
part of a row of cells, or an entire row of cells maltunction.
The solar module 1includes solar cells arranged in a physical
matrix of rows and columns where the cells are electrically
interconnected 1n an electrical crisscross matrix arranged 1n
clectrical row and columns such that the electrical and
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physical matrices only partially overlap. A physical row that
1s fully shaded therefore does not result 1n a fully shaded
clectrical row, allowing current to continue flowing 1n the
module. Other causes of reduced functionality due to one or

more malfunctioning solar cells and/or due to obstruction of >

light are similarly overcome by the proposed arrangement.

It should be noted that orientation related descriptions
such as “top”, “bottom™, “honizontal”, “vertical” “up”,
“upper”, “down”, “low”, “lower” and the like, assumes that
the solar cell module 1s situated, with no limitations, such
that the positive (“+”) side of the array 1s considered,
artificially, with no limitations, as the top side of the array,
and the negative (“-") side of the array 1s considered,
artificially, with no limitations, as the bottom side of the
array. Alternatively, with no limitations, the negative (="
side of the array 1s considered, artificially, with no limaita-
tions, as the top side of the array, and the positive (“+7°) side
of the array 1s considered, artificially, with no limitations, as
the bottom side of the array.

It should be further noted that the terms “electrical” or
“electrically wired”, as used herein refer to the electrical
configuration of the matrix, regardless of the physical con-
figuration of the solar cells 1n the solar panel. Similarly, 1t
should be further noted that the term “physical” as used
herein refers to the physical placement of solar cells 1n the
module/panel, regardless of the electrical inter-wiring of the
solar cells.

According to some embodiments of the present invention,
a non-reconfigurable solar array module that 1s pre-config-
ured to prevent electric blockage of the module, when at
least one physical row of solar cells malfunctions. The solar
array module includes a plurality of solar cells arranged 1n
a matrix of physical rows and physical columns, electrical
connections connecting the solar cells 1 each of the col-
umns 1n series and electrical connections connecting a
portion of the solar cells in parallel to form electrical rows
of the solar cells, wherein the physical rows and the elec-
trical rows only partially overlap. Optionally, with no limi-
tations, up to half of the physical rows and the electrical
rows overlap. Optionally, between 3% and 95% of the
physical rows and the electrical rows overlap. Preferably,
with no limitations, the number of said columns 1s larger
than the number of rows.

Preferably, the columns are divided into at least a first side
and a second side. Each of the electrical rows includes at
least one physical row of solar cells on said first side and 1s
clectrically connected to solar cells of a different physical
row on said second side. The solar cells 1n the at least one
physical row on said {first side are connected 1n parallel and
said solar cells 1n said in least one physical row on said
second side are connected in parallel, wherein the solar cells
in the at least one physical row of the first side are connected
in parallel to the solar cells in the respective at least one
physical row of the second side.

Preferably the solar cells on the first side are physically
inverted, polarity-wise, with respect to the solar cells on the
second side.

Preferably, the solar array module includes X rows,
wherein the solar cells of the adjacent columns of the first
side and the second side are electrically connected by
clectrical cross connections. Preferably, the electrical con-
nections include connections from the negative side of the
solar cell in the 14+n” row of the first side adjacent column
to the negative side of the cell in the X-n" row of the second
side adjacent column, wherein n 1s an mteger and O=n<X,
and a connection from the positive side of the solar cell in
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the X” row of the first side adjacent column to the positive
side of the cell in the 1% row of the second side adjacent
column.

Optionally at least one of the solar cells 1s turther elec-
trically connected 1n series to at least one additional solar
cell, to form a serial unit.

Preferably the solar array module further includes a power
converter selected from the group consisting of a DC/DC
power converter, a DC/DC transformer and a combination
thereol. Preferably, the power converter includes a plurality
of transistors for alternately connecting the opposite sides 1n
a primary ol a transformer to the matrix of solar cells,
wherein the operational duty cycle of the transistors is
constant and there 1s a dead time for preventing the fast
transistors from conducting simultaneously between the
switching time ON to OFF or OFF to ON of the transistor.
Preferably the dead time 1s less than k% of the duty cycle.
Optionally, the transistors are MOSFET transistors or other
suitable type of fast switching transistors.

According to a further embodiment of the present inven-
tion, a non-reconfigurable solar array module that 1s pre-
configured to prevent electric blockage of the module, when
at least one physical row of solar cells malfunctions. The
solar array module includes a matrix of X physical rows and
Y columns of solar cells, wherein the columns are divided
into a first side numbering Y, columns and a second side
numbering Y-Y, columns. Y, columns on the first side
include solar cells that are physically inverted, polarnity-wise,
with respect to the solar cells on the second side. The solar
cells 1 each of the columns are connected 1n series. Solar
cells 1n each of the physical rows on the first side are
clectrically connected 1n parallel and solar cells in each of
the physical rows on the second side are electrically con-
nected 1n parallel, wherein the negative side of the solar cell
in the 1+n” physical row of column is electrically connected
to the negative side of the solar cell in the X-n™ physical row
of column where n 1s an mteger and O=n<X. The positive
side of the solar cell in the X physical row of column Y,
1s electrically connected to the positive she of the cell 1n the
1% physical row of column Y, _,. Preferably, the solar array
at module further includes a power converter connected to
the positive side of physical row 1 and the negative side of
physical row X on the second side.

According to a further embodiment of the present inven-
tion, a non-reconfigurable solar array module that 1s pre-
configured to prevent electric blockage of the module, when
at least one physical row of solar cells malfunctions. The
solar array module that includes a matrix of X physical rows
and Y columns of solar cells, wherein the columns are
divided 1nto a first side numbering Y ; columns and a second
side numbering Y-Y; columns. Y, columns on the first side
include solar cells that are physically inverted, polarity-wise,
with respect to the solar cells on the second side. The
physical rows of the second side are sub divided mto an
upper section numbering X - physical rows, and a lower
section numbering X-X. physical rows. The solar cells 1n
each of the columns on the first side are connected 1n series,
wherein the solar cells 1n each physical row on the first side
are electrically connected in parallel. The solar cells 1n each
of the columns 1n the upper section of the second side are
connected 1n series, wherein the solar cells 1n each physical
in row of the upper section of the second side are electrically
connected 1n parallel. The solar cells in each column of the
lower section of the second side are connected i1n series,
wherein the solar cells 1 each physical row of the lower
section of the second side are electrically connected 1n
parallel. The negative side of the solar cell in the 1+n”
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physical row of column Y, 1s electrically connected to the
negative side of the cell in the X_~-n” physical row of column
Y., where n 1s an mteger and O=n<X., and the positive
side of the cell in the 1+n™ physical row of column Y, is
clectrically connected to the positive side of the cell 1n the
X, -n”" physical row of column Y,,,. The negative side of
the cell in the X, +n” physical row of column Y, is
clectrically connected to the negative side of the cell 1n the
X-n” physical row of column Y, _,, where n is an integer and
X ..., <n<X, and the positive side of the cell in the X"
physical row of column Y, is electrically connected to the
positive side of the cell in the X . ,” physical row of column
YL+1'

Optionally, the solar array module further includes a
power converter connected to the positive side of physical
row X, , on the second side and to the negative side of
physical row X - on the second side. Alternatively, the solar
array module further includes a power converter connected
to the positive side of the X” physical row on the first side
and to the negative side of the 1% physical row on the first
side.

Optionally, at least one of the solar cells 1s further
clectrically connected 1n series to at least one additional said
solar cell, to form a serial unat.

According to a further embodiment of the present mnven-
tion, a non-reconfigurable solar array module that 1s pre-
configured to prevent electric blockage of the module, when
at least one physical row of solar cells malfunctions. The
solar array module includes: a matrix of X physical rows and
Y columns of solar cells, wherein the columns are divided
into a first side numbering Y, columns mto a second side
numbering Y-Y,; wheremn Y, columns on the first side
include cells that are physically inverted, polarity-wise,
relative to the cells on the second side; wherein the physical
rows of the second side are divided into an upper section
numbering X - physical rows and a lower section numbering,
X-X. physical rows; wherein the cells 1n each of the col-
umns on the first side are connected in series; wherein the
cells 1n each physical row on the first side are electrically
connected 1n parallel; wherein the cells mm each of the
columns 1n the upper section of the second side are con-
nected 1n series; wherein the cells in each physical row of the
upper section of the second side are electrically connected in
parallel; wherein the cells 1n each column of the lower
section of the second side are connected 1n series; wherein
the cells 1n each physical row of the lower section of the
second side are electrically connected in parallel; wherein
the negative side of the cell in the 1* physical row of column
Y, 1s electrically connected to the negative side of the cell
in the X,” physical row of column Y,.,; wherein the
positive side of the cell in the X,” physical row of column
Y ; 1s electrically connected to the positive side of the cell in
the 1% physical row of column Y, ,; wherein the negative
side of the cell in the X, physical row of column Y, is
electrically connected to the negative side of cell in the 1%
physical row of column Y, _,; wherein the negative side of
the cell in the X.,.,+n” physical row of column Y, is
clectrically connected to the negative side of the cell 1n the
X-n" physical row of Y, , where n is an integer and
X <n<X, and wherein the positive side of the cell 1n the
X physical row of column Y, is electrically connected to
the positive side of the cell in the X.. ,” physical row of
column Y, _,.

Preferably, the solar array module further includes a
power converter connected to the positive side of physical
row X, ; on the second side and to the negative side of

physical row X - on the second side.
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An embodiment 1s an example or implementation of the
invention. The various appearances of “one embodiment”,
“an embodiment” or “some embodiments” do not necessar-
ily all refer to the same embodiments. Although various
features of the invention may be described 1n the context of
a single embodiment, the features may also be provided
separately or 1n any suitable combination. Conversely,
although the invention may be so described herein in the
context of separate embodiments for clarity, the mvention
may also be implemented 1n a single embodiment.

Reference 1n the specification to “one embodiment™, “an
embodiment”, “some embodiments” or ‘“other embodi-
ments” means that a particular feature, structure, or charac-
teristic described in connection with the embodiments 1s
included 1n at least one embodiment, but not necessarily all
embodiments of the invention. It 1s understood that the
phraseology and terminology employed herein 1s not to be
construed as limiting and are for descriptive purposes only.

Unless otherwise defined, all technical and scientific
terms used herein have the same meaning as commonly
understood by one of average skill in the art to which the
present mvention belongs. The methods and examples pro-
vided herein are 1llustrative only, and are not intended to be
limiting.

BRIEF DESCRIPTION OF THE DRAWINGS

The present invention will become fully understood from
the detailed description given herein below and the accom-
panying drawings, which are given by way of illustration
and example only, and thus not limiting in any way, wherein:

FIG. 1 1s a schematic illustration showing the geometry of
tilted solar array modules of a prior art solar-system;

FIGS. 2A-2D are schematic diagrams of prior art solar
cell modules 1n non-shaded and shaded conditions:

FIGS. 3A-3F are schematic physical and electrical dia-
grams of a solar cell module 1n non-shaded and shaded
conditions according to some embodiments of the present
invention;

FIG. 4 1s a generic schematic diagram of a solar cell
module according to some embodiments of the present
invention;

FIGS. 5A-5D are schematic physical and electrical dia-
grams ol a solar cell module 1 non-shaded and shaded
conditions according to some embodiments of the present
invention;

FIG. 6 1s a generic schematic diagram of a solar cell
module according to some embodiments of the present
invention;

FIGS. 7A-7D are schematic physical and electrical dia-
grams of a solar cell module 1n non-shaded and shaded
conditions according to some embodiments of the present
invention; and

FIG. 8 1s a genetic schematic diagram of a solar cell
module according to some embodiments of the present
invention.

DETAILED DESCRIPTION OF TH.
INVENTION

(L]

The present mvention now will be described more fully
hereinafter with reference to the accompanying drawings, in
which preferred embodiments of the invention are shown.

The present mvention overcomes the deficiencies of the
background art providing a solar module with passive
rerouting of electric current when an individual solar cell,
part of a row of cells, or an entire row of cells maltunction.
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The solar module 1ncludes solar cells arranged 1n a physical
matrix of rows and columns where the cells are electrically
interconnected 1n an electrical crisscross matrix arranged 1n
clectrical rows and columns such that the electrical and
physical matrices only partially overlap. A physical row that
1s tully shaded therefore does not result in a fully shaded
clectrical row, allowing current to continue flowing 1n the
solar array module. Other causes of reduced functionality
due to one or more malfunctioning solar cells and/or due to
obstruction of light are similarly overcome by the proposed
arrangement.

Reference 1s now made to FIGS. 3A-3F showing exem-
plary schematic illustrations of a pre configure, non-recon-
figurable solar module 300 according to at least some
embodiments of the present invention. As shown 1n FIG. 3A,
solar array module 300 includes solar cells 302 physically
arranged 1n a matrix of physical rows (PR1, PR2, and PR3)
and columns (C1, C2). For example, PR3 includes cells C
and L. While a matrix of three rows and two columns 1is
shown, 1t should be appreciated that any size matrix may be
provided and the description below 1s not limited to a
particular matrix size.

Solar array module 300 1s connected to a power DC/DC
converter/transtormer 306 which includes MOSFET transis-
tors or other type of transistors arranged in a push-pull
configuration, wherein the operational duty cycle of the
transistors 1s constant and there 1s a dead time for preventing,
the fast transistors from conducting simultaneously between
the switching time ON to OFF or OFF to ON of the
transistors. This, yields a duty cycle that i1s just less than
50%, such as any of 48% or 49%, or 49.9% or other values
between 42% and just below 50%, or between 43% and just
below 50%, such as up to 49.9% and just below 50%.

FIG. 3B 1s an alternate 1llustration of solar array module
300 of FIG. 3A. As shown 1n FIG. 3B, module 300 includes

solar cells 302 electrically arranged 1n a matrix of electrical
rows (ER1, ER2, and ER3) and columns (C1, C2). For
example, ER3 includes cells A and L. Thus the physical rows
and electrical rows only partially overlap. In the electrical
matrix the cells 302 1 each column are connected in series
and the cells 302 of each electrical row (ER1, ER2, and
ER3) are connected 1n parallel by crossing connections 310
such as 310q and 310b. The electrical matrix shown 1n FIG.
3B 1s thus a crisscross matrix. For the sake of clarity, 1t
should be noted that crossing connections 310 that are
shown as intersecting one another (such as at point 312 1n
FIG. 3A) do not make electrical contact. Junctions of
clectrical connection are shown as a black dot as at 314. This
convention 1s consistent across all figures presented.

Referring back to FIG. 3A, 1 order to implement the
electrical crisscross matrix of FIG. 3B, cells A, B, and C of
column C1 are physically inverted, polarity-wise, with
respect to cells I, K, and L of column C2. Additionally,
crossing connections 310 extend across physical rows. For
example, connection 310a connects the negative side of cell
A 1 PR1 to the negative side of cell L in PR3.

In operation, current I can flow through any of the paths
available. As shown 1n FIG. 3B, current I flows through all
cells 302 and makes use of all crossing connections 310.

FIG. 3C shows the physical layout of module 300 with
physical row PR3 shaded or otherwise malfunctioning. FIG.
3D shows the 1illustration of FIG. 3B, illustrating the elec-
trical row layout with fully shaded physical row PR3 (with
reference to FI1G. 3C). PR3 includes cells C and L which are
shown as shaded in FIG. 3C and FIG. 3D. While the physical
row PR3 is shaded, none of the electrical rows are fully
shaded due to the differing partially overlapping physical
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and electrical matrix arrangements. As shown 1n FIG. 3D,
current I passively routes around shaded cells C and L and
flows through solar cells A, B, K and 1.

Each of the solar cells referred to in FIGS. 3A-3D may
optionally be a plurality of solar cells connected 1n series and
referred to as a serial umt. For example, the solar cells
represented by A and L may include a serial unit of two or
more solar cells connected 1n series. This 1s 1llustrated in
FIGS. 3E and 3F which show physical and electrical layouts
respectively. FIG. 3E illustrates a physical matrix of 4 rows
while FIG. 3F illustrates the same matrix but with 3 elec-
trical rows as A and A' as well as L and L' are serial units of
2 cells each. Current 1 1s shown as flowing through all
available paths 1n FIG. 3F.

Serial units may be utilized to reduce the amount anti
complexity wiring needed 1n the solar array module. While
a serial unit 1s shown as having two cells it should be
appreciated that any number of cells may form a serial unait.

FIG. 4 1s an exemplary generic solar module according to
at least some embodiments of the present invention. FIG. 4
1s a generic illustration of the embodiment of FIGS. 3A to
3D. As shown 1n FIG. 4, a pre-configured, non-reconfigur-
able solar module 400 has X physical rows and Y columns
or solar cells 302. X and Y may be any integer. References
in the description of FIG. 4 are to physical rows and
columns. As above, cells 302 may be serial units of 2 or
more solar cells electrically connected in series.

The matrix 1s divided alone a virtual vertical line 404
defining Y ; columns to the left of line 404 and Y-Y ; columns
to the right of line 404. The choice of where to split the
matrix 1s based on the level of shade protection that 1s
required for the solar array in module depending on the
likelihood of certain cells falling into shade.

Y ; columns on a first side 406 of the line 404 include cells
302 inverted polarity-wise relative to the cells 302 on the
second side 408 of virtual line 404. That 1s, each solar cell
302 of the first side 406 1s physically mverted with respect
to the second side 408, such that the polarity of each solar
cell 302 1s inverted as shown 1n FIG. 4: the “+” side of each
cell 302 on the first side 406 1s shown 1n at the lower side
of each solar cell 302, while the “+” side of each cell 302 on
the second side 408 1s shown 1n the upper side of each solar
cell 302. It should be noted that electrical connectivity of
solar module 400 remain a plain criss-cross matrix.

Cells 302 1n every column are connected in series.

Cells 302 1n each physical row segment on the first side
406 are electrically connected 1n parallel.

Cells 302 1n each physical row segment on the second side
408 are electrically connected 1n parallel.

The negative side of cell 302 in the 1+n” row of column
Y, 1s electrically connected to the negative side of cell 302
in the X-n” row of column Y, , where n is an integer and
O=n<X.

The positive side of cell 302 in the X” row of column Y,
1s electrically connected to the positive side of cell 302 1n the
1% row of column Y, _,; and

Optionally, as shown i FIG. 4, a power converter 306
may be connected to the positive side of row 1 and the
negative side of row X on the second side 408. Alternatively,
power converter 306 may be connected to the positive side
of physical row X on first side 406 and to the negative side
of the 1% physical row on the first side 406.

Reference 1s now made to FIGS. 5A-5D which are
exemplary schematic illustrations of a pre-configured, non-
reconiigurable solar module 500 according to at least some
embodiments of the present invention. As shown in FIG. 5A,
module 500 includes solar cells 302 physically arranged in
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a matrix of physical rows (PR1, PR2, PR3 and PR4) and
columns (C1, C2). For example, PR3 includes cells C and L.
While a matrix of four rows and two columns 1s shown, 1t
should be appreciated that any size matrix may be provided
and the description below 1s not limited to a particular matrix
s1ze. The solar array module 1s connected to a power DC/DC
converter/transformer 306 as described above.

FIG. 5B 1s an alternate illustration of the solar array
module 500 of FIG. SA. As shown 1n FIG. 5B, module 500
includes solar cells 302 electrically arranged 1n a matrix of
clectrical rows (ER1, ER2, ER3, and ER4) and columns (C1,
C2). For example, ER3 includes cells C and M. Thus the
physical rows and electrical row’s only partially overlap.
The embodiment of FIGS. 5A-5C diflers from that of FIGS.
3A-3C 1n that the electrical matrnix 1s divided nto two
crisscross matrices. Each crisscross matrix imncludes an equal
number of rows. As shown, electrical rows ER1 and ER2
represent one crisscross matrix and rows ER3 and ER4
represent a second crisscross matrix. Cells B and C are
clectrically connected to join the two crisscross matrices.
The crisscross matrices are formed by crossing connections
510 such as 510a and 5105.

Referring back to FIG. SA, 1 order to implement the
electrical crisscross matrices of FIG. 5B, cells A, B, C, and
B of column C1 are physically inverted, polarity-wise, with
respect to cells I, K, L., and M of column C2. Additionally,
crossing connections 510 extend across physical rows. For
example, connection 510a connects the negative side of cell
C 1n PR3 to the negative side of cell M in PR4.

In operation, current I can flow through any of the paths
available, as shown 1n FIG. 5B.

FIG. 5C shows the physical layout of module 500 with
physical row PR4 shaded. FIG. 5D shows the illustration of
FIG. 5B, illustrating the electrical row layout, with fully
shaded physical row PR4 (with reference to FIG. 5C). PR4
includes cells D and M which are shown as shaded in FIGS.
5C and 3SD. While the physical row PR4 1s shaded none of
the electrical rows are fully shaded due to the differing
partially overlapping physical and electrical matrix arrange-
ments. As shown in FIG. 5D, current 1 passively routes
around shaded cells D and M and tlows through cells L, C,
B, A and also through I, and K.

Each of the solar cells referred to in FIGS. 5A-5D may
optionally be a plurality of solar cells connected in series and
referred to as a serial unit. For example, the solar cell
represented by “A” may include a serial unit of two or more
solar cells connected 1n series.

FIG. 6 1s an exemplary generic solar module according to
at least some embodiments of the present in FIG. 6 15 a
generic illustration of the embodiment of FIGS. 5A to 5C. As
shown 1n FIG. 6, a pre-configured, non-reconfigurable solar
module 600 has X physical rows and Y columns of solar
cells 302. References 1n the description of FIG. 6 are to
physical rows and columns. X and Y may be any integer. As
above, cells 302 may be serial units of 2 or more cells.

The matrnix 1s divided along a virtual vertical line 604
defining Y ; columns to the left of line 604 and Y-Y ; columns
to the right of line 604. The choice of where to split the
matrix 1s based on the level of shade protection that 1s
required for the solar array module depending on the like-
lihood of certain cells falling into shade.

Y ; columns on a first side 606 of the line 604 include cells
302 inverted polarnty-wise relative to the cells 302 on the
second side 608 of virtual line 604. That 1s, each solar cell
302 of the first side 606 1s physically mverted with respect
to the second side 608, such that the polarity of each solar
cell 302 1s inverted as shown 1n FIG. 6: the “+” side of each
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cell 302 on the first side 606 1s shown 1n at the lower side
of each solar cell 302, while the “+” side of each cell 302 on
the second side 608 1s shown 1n the upper side of each solar
cell 302. It should be noted that electrical connectivity of
solar module 600 remain a plain criss-cross matrix.

The matrix of second side 608 1s divided along a virtual
horizontal line 612 defining X - physical rows above the line
and X-X -physical rows below the line where physical rows
X rand X , are adjacent physical rows on either side of line
612.

Cells 302 1n every column on first side 606 are connected
1N Series.

Cells 302 1n each physical row on the first side 606 are
clectrically connected in parallel.

Cells 302 1n every column of the upper section 618 of
second side 608 are connected 1n series.

Cells 302 1n each physical row of the upper section 618
of second side 608 are electrically connected in parallel.

Cells 302 1n every column of the lower section 616 of
second side 608 are connected 1n series.

Cells 302 1n each physical row of the lower section 616
of second side 608 are electrically connected in parallel.

The negative side of cell 302 in the 1+n™ physical row of
column Y, 1s electrically connected to the negative side of
cell 302 in the X ,-n” physical row of column Y, , where n
1s an 1nteger and O=n<X..

The positive side of cell 302 in the X,” physical row of
column Y, 1s electrically connected to the positive side of
cell 302 in the 1°° physical row of column Y, _,.

The negative side of cell 302 in the X, ,+n” physical row
of column Y, 1s electrically connected to the negative side
of cell 302 in the X-n” physical row of column Y, where
n 1s an integer and X, ,<n<X.

The positive side of cell 302 in the X” physical row of
column Y, 1s electrically connected to the positive side of
cell 302 in the X . ,” physical row of column Y, ..

Optionally, as shown in FI1G. 6, power converter 306 may
be connected to the positive side of physical row X, on
second side 608 and to the negative side of physical row X.-
on the second side 608. Alternatively, power converter 306
may be connected to the positive side of physical row X on
first side 606 and to the negative side of the 1* physical row
on the first side 606.

Reference 1s now made to FIGS. 7A-7D which are
exemplary schematic illustrations of a pre-configured, non-
reconfigurable solar module 700 according to at least some
embodiments of the present invention. As shown in FIG. 7A,

module 700 includes solar cells 302 physically arranged in
a matrix of physical rows (PR1, PR2, PR3, PR4, and PR5)

and columns (C1, C2). For example, PR4 includes cells C
and L. FIGS. 7A-7D 1illustrate the inclusion of serial units
having two solar cells (A and A', and K and K'). While a
matrix of five rows and two columns 1s shown it should be
appreciated that any size matrix may be provided and the
description below 1s not limited to a particular matrix size.
Similarly, the size of a serial unit shown 1s 2 cells but the
serial umit may include any number of cells. The solar array
module 1s connected to a power DC/DC, converter/trans-
former 306 as described above.

FIG. 7B 1s an alternate illustration of Lite solar array
module 700 of FIG. 7A. As shown 1n FIG. 7B, module 700
includes solar cells 302 electrically arranged 1n a matrix of
tour electrical rows (ER1, ER2, ER3, and ER4) and columns
(C1, C2). ER1 1s only one electrical row as 1t includes serial
unit connected 1n parallel. Thus ER1 includes serial units A
(A and A") and K (K and K"). As with the previous embodi-

ments the physical rows and electrical rows only partially
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overlap. In the embodiment of FIGS. 7A-7D the electrical
matrix 1s divided into two crisscross matrices. As shown,
rows ER1 and ER2 represent one crisscross matrix and rows
ER3 and ER4 represent a second crisscross matrix. Cells B
and C are electrically connected to join the two crisscross
matrices. The crisscross matrices are formed by crossing
connections 710 such as 710a and 7105.

Referring back to FIG. 7A, 1n order to implement the
electrical crisscross matrices of FIG. 7B, cells A, A', B, C,
and D of column C1 are physically inverted, polarity-wise,
with respect to cells J, K, K', L, and M of column C2.
Additionally, crossing connections 710 extend across physi-
cal rows. For example, connection 710a connects the nega-
tive side of cell C in PR4 to the negative side of cell M in

PRS (FIG. 7A).
In operation, current I can flow through any of the paths
available as shown 1n FIG. 7B.

FIG. 7C shows the physical layout of module 700 with

physical row PRS shaded. FIG. 7D shows the illustration of
FIG. 7B, illustrating the electrical row layout, with a fully
shaded physical row PRS (with reference to FIG. 7C). PR5S
includes cells D and M which are shown as shaded 1n FIGS.
7C and 7D. While the physical row PR5 1s shaded, none of
the electrical rows (ER3 or ER4 of FIG. 7D) are fully shaded
due to the differing partially overlapping physical and elec-
trical matrix arrangements. As shown in FIG. 7D, current I
passively routes around shaded cells D and M and flows
through cells L, C, B, A, A" and also through I, K, and K.

FIG. 8 1s an exemplary generic solar module according to
at least some embodiments of the present invention. FIG. 8
1s a generic illustration of the embodiment of FIGS. 7TA-7D.
As shown 1n FIG. 8, a pre-configured, non-reconfigurable
solar module 800 has X physical rows and Y columns of
solar cells 302. References in the description of FIG. 8 are
to physical rows and columns. X and Y may be any integer.

The matrix 1s divided along a virtual vertical line 804
defining Y ; columns to the left of line 804 and Y-Y; columns
to the right of line 804. The choice of where to split the
matrix 1s based on the level of shade protection that 1s
required for the solar array module depending on the like-
lihood of certain cells falling 1nto shade.

Y ; columns on a first side 806 of the line 804 include cells
302 inverted, 1n terms of polanty, relative to the cells 302 on
the second side 808 of virtual line 804. That i1s, each solar
cell 302 of the first side 806 i1s physically mverted with
respect to the second side 808, such that the polarity of each
solar cell 302 1s inverted as shown m FIG. 4: the “+” side of
cach cell 302 on the first side 806 1s shown 1n at the lower
side of each solar cell 302, while the “+” side of each cell
302 on the second side 808 1s shown in the upper side of
cach solar cell 302. It should be noted that electrical con-
nectivity of solar module 800 remain a plain criss-cross
matrix.

The matrix of second side 808 1s divided along a virtual
horizontal line 812 defining X - physical rows above the line
and X-X . physical rows below the line where physical rows
X and X ., are adjacent physical rows on either side of line
812.

Cells 302 1n every column on first side 806 are connected
1N series:

Cells 302 1n physical rows X to X on the first side 806
are electrically connected 1n parallel, wherein physical row
X ~1ncludes serial units 824, having, 1n this example, 2 solar
cells 302 1n each column.

Cells 302 in every column of the upper section 818 of
second side 808 are connected 1n series.
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Cells 302 1n physical row 1 of the upper section 818 of
second side 808 are electrically connected 1n parallel,
wherein solar cells 302 are arranged 1n serial units 824,
having, in this example, 2 solar cells 302 in each column.

Cells 302 1n every column of the lower section 816 of
second side 808 are connected 1n series.

Cells 302 in each physical raw of the lower section 816 of
second side 808 are clectrically connected parallel.

The negative side of serial unit 824 1n the physical row of
column Y, 1s electrically connected to the negative side of
serial unit 824 in the X,” physical row of column Y, ..

The positive side of serial unit 824 in the 1°* physical row
of column Y, 1s electrically connected to the positive side of
serial unit 824 in the X ,” physical row of column Y, _,.

The negative side of cell 302 in the X,” physical row of
column Y, 1s electrically connected to the negative side of
cell 302 in the 1°° physical row of column Y, _,.

The negative side of cell 302 in the X, ,+n” physical row
of column Y, 1s electrically connected to the negative side
of cell 302 in the X-n” physical row of column Y, ., where
n 1s an integer and X, ,<n<X.

The positive side of cell 302 in the X” physical row of
column Y, 1s electrically connected to the positive side of
cell 302 in the X, ,” physical row of column Y, ..

Optionally, as shown 1 FIG. 8, power converter 306 1s
connected to the positive side of physical raw X ;, on
second side 808 and to the negative side of physical row X
on the second side 808. Alternatively, power converter 306
1s connected to the positive side of physical row X on first
side 806 and to the negative side of the 1° physical row on
the first side 306.

The present mvention being thus described 1in terms of
several embodiments and examples, 1t will be appreciated
that the same may be varied 1n many ways. Such variations
are not to be regarded as a departure from the spirit and
scope of the invention, and all such modifications as would
be obvious to one skilled 1n the art are contemplated.

What 1s claimed 1s:

1. A non-reconfigurable solar array module, pre-config-
ured to prevent electric blockage of the module when at least
one physical row of solar cells malfunctions, the solar array
module comprising a matrix of X physical rows and Y
columns of solar cells;

wherein said columns are divided into a first side num-

bering Y, columns and a second side numbering Y-Y,

columns;
wherein Yz=4;
wherein the first side comprises at least 2 columns and the

second side comprises at least 2 columns;

wherein Y ; columns on said first side comprise solar cells
that are physically inverted, polarity-wise, relative to
the solar cells on said second side;

wherein the solar cells 1n each of said columns are
connected 1n series;

wherein solar cells in each of said physical rows on said
first side are electrically connected 1n parallel;

wherein solar cells 1 each of said physical rows on said
second side are electrically connected 1n parallel;

wherein the negative side of the solar cell in the 1+n™
physical row of column Y, 1s electrically connected to
the negative side of the solar cell in the X-n” physical
row of column Y, _,, where n 1s an integer and O=n<X;
and

wherein the positive side of the solar cell in the X"
physical row of column Y, 1s electrically connected to
the positive side of the solar cell in the 1°° physical row
of column Y, _;.
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2. The module of claim 1 further comprising a power
converter connected to the positive side of physical row 1 on
said second side, and the negative side of physical row X on
said second side.

3. The module of claim 1 further comprising a power
converter connected to the positive side of physical row X
on said first side, and the negative side of physical row 1 on
said first side.

4. The module of claim 3, wherein said power converter
1s selected from the group consisting of: a DC/DC power
converter; a DC/DC transformer and a combination thereof.

5. The module of claim 4, wherein said power converter
comprises a plurality of transistors for alternately connecting
said power converter to said matrix of solar cells, wherein
the operational duty cycle of the transistors 1s constant and
there 1s a dead time for preventing said transistors from
conducting simultaneously between the switching time ON
to OFF or OFF to ON of the transistor.

6. The module of claim 5, wherein said dead time 1s less
than 8% of the duty cycle.

7. The module of claim 1, wherein at least one of said
solar cells 1 a column of solar cells 1s further electrically
connected 1n series to at least one additional said solar cell
in the same column, to form a serial unit.
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